Objective. The study aims to develop and validate short versions of the Work Role Functioning Questionnaire v2.0 (WRFQ) that retain the measurement properties of the full-length 27-item questionnaire.
-This paper presents the development of two short versions of the WRFQ v2.0, a 5-and a 10-item version.
-Both short versions reflect the five-factor structure of the full-length 27-item version, have acceptable agreement with the full-length 27-item version, and showed acceptable measurement properties.
-Both versions can be used to measure Work Role Functioning in working samples with mixed clinical conditions and job types.
-The choice between the 5, 10 or 27-item versions depends on the intended use of the instrument and is a compromise between length and measurement properties.
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Introduction
Over the past 25 years, a number of self-report questionnaires have emerged to assess lost productivity at work [1] [2] [3] [4] [5] [6] . These questionnaires include the Stanford Presenteeism Scale [7] , the Work Limitations Questionnaire [8] and the Health and Productivity Questionnaire [9] to mention a few. For some, in addition to a full-length version, one or more short versions exist.
All questionnaires aim to measure the intersection of a person's health and work performance.
These questionnaires have been frequently used in clinical trials to assess work-related outcomes of medical interventions [10] . The information can be used in provider-patient interactions. More recently these questionnaires have also been used to measure work performance after return to work, e.g. after sickness absence due to common mental disorders or cancer [11, 12] . The majority of the questionnaires were developed in the 20 th century, based on 20 th century models of work. Yet today in a new world of work with changing workplaces, work practices and technologies, new challenges arise [13, 14] .
To address the changing nature of work, version 2.0 of the Work Role Functioning Questionnaire (WRFQ) was developed [15] . The WRFQ v2.0 builds on an earlier questionnaire, but adds a new dimension, flexibility demands, reflecting the 21 st century workplace. To the best of our knowledge, no existing health-related work questionnaire includes these new flexibility demands. The WRFQ v2.0 measures the perceived difficulties in meeting work demands among employees given their physical health or emotional problems [16] [17] [18] [19] . The WRFQ v2.0 consists of 27 items, summarized in four subscales (work scheduling & output demands (WSOD), physical demands (PD), mental & social demands (MSD), and flexibility demands (FD)) or in a total score.
Recent confirmatory factor analyses (CFA) of six samples found support for a five-factor structure representing five domains (separating work scheduling from output demands) [20] .
For several items, the analyses revealed potential redundancies, suggesting that a shorter version of the questionnaire might be developed.
This study aims to develop and evaluate shorter versions of the WRFQ v2.0 retaining the measurement properties of the full-length questionnaire. Such shorter versions may help clinicians and other practitioners to start a conversation with the patient/employee, followed by the use of the full-length version to explore the perceived difficulties at work in more detail.
Shorter versions may also be preferable in research with limited questionnaire space. Shorter version. The two aims of this study are to 1) select items to develop two short versions of the WRFQ 2.0; and 2) to validate the short versions. In the validation, we will evaluate the ability of the two short versions to reproduce the total score of the full-length 27-item WRFQ v2.0, compare their measurement properties and ability to discriminate known groups with the fulllength version.
Methods

Work Role Functioning Questionnaire v2.0
The Work Role Functioning Questionnaire v2.0 (WRFQ) measures the perceived difficulties in meeting work demands among employees given their physical health or emotional problems [15, 16] . The WRFQ was administered using a 4 week recall period and six response options: 0=difficult all the time (100%), 1=difficult most of the time, 2=difficult half of the time (50%), 3=difficult some of the time, 4=difficult none of the time (0%). The sixth response option 'Does not apply to my job' was included to allow a respondent to validly answer when the work demand was not part of the job. It was coded as missing. The scoring of the subscales and the total score used a simple summative approach, taking the average of the items multiplied by 25
to obtain scores between 0 and 100, with higher scores indicating better work functioning. If more than 20% of the items were missing, the scale score was set to missing. Based on the results of previous confirmatory factor analyses (CFA) [20] , some items were flagged as problematic: item 9 (feel a sense of accomplishment) showed local correlation with item 10 (feel you have done what you are capable of doing). Similarly, item 18 (concentrate on your work) showed local correlation with item 19 (work without losing train of thought). Finally, item 15
(use hand-held tools), which is hypothesized to be part of physical demands, showed crossloadings with the mental and social demands domains. Table 1 6. A sample of workers who had partially or fully returned to work 3 months after a period of sick leave due to common mental disorders (common mental disorder population) [11] . The sample is heterogeneous regarding job type and contains workers with various common mental disorders (e.g. adjustment disorders, anxiety disorders, mild depression).
Study samples
Measures
For each sample, the following information was available:
-Gender (male/female) 
Statistical Analyses
The analyses were conducted in 4 steps: 1) psychometric analyses at item level, 2) definition of two short versions, 3) developing procedures to map the short versions to the total score of the full-length 27-item WRFQ 2.0, and 4) scale level psychometric analyses.
Item level statistical analyses
Descriptive analyses, analyses of differential item functioning (DIF), and analyses based on item response theory (IRT) were used to explore statistical properties of the items. Criteria for problems in the descriptive analyses were items with more than 15% missing and items with more than 50% of responses at best category (ceiling). Items below these cut-offs obtained a score of 0 (good), items exceeding this cut-off were scored with 1 (poor). Tests of DIF were conducted with regards to the population (each dataset), gender, age and self-rated health using a logistic regression approach [25] . Important DIF was identified by statistical significance and a Nagelkerke R 2 difference larger than 2%. All items were ranked based on the R 2 difference score, with lower scores indicating lack of DIF and higher scores indicating more severe DIF.
Preliminary IRT analyses were performed in a dataset that combined the two largest samples: General workers and Shift workers, because DIF analyses had found very little DIF between these two samples (results provided by first author upon request). The IRT analyses were done separately for each subscale in order to identify the best items for each domain. In addition, IRT analyses were performed for the total set of items to explore IRT-based crosscalibration between the total score on the full-length WRFQ and the short versions (please see below). The IRT parameters are defined relative to the mean and standard deviation of the combined General and Shift workers sample (set to have mean 0 and standard deviation 1). The discrimination parameter reflects the item's ability to distinguish between work role functioning levels, with higher scores indicating better discrimination ability. The assumption of a rank order of item response categories was tested in initial analyses using a nominal categories model [26] .
If the nominal categories model supported a rank order of response categories, a graded response model was fitted for the items [27] . statistic [28] . Items were ranked, based on the IRT discrimination parameters, with lower rank scores equaling good discrimination and higher rank scores indicating poor discrimination. Items were also ranked based on item fit evaluated as the ratio of S-G 2 and degrees of freedom (df), with lower rank scores equaling a good fit and higher scores equaling a poor fit.
Selection of items for short versions
All candidate items were evaluated with respect to the item level statistics and additionally with respect to evaluation of translatability. All items received a score regarding issues with previous translations and adaptations to other languages and cultures (0 represents no issues with translatability and 1 represents issue(s) with translatability) [19, [29] [30] [31] . The best scoring items within each domain were selected for inclusion in the shorter versions. The statistical results could be overruled for items deemed conceptually important.
To preserve content validity and with the aim to obtain comparability of scores for the full-length questionnaire and the short versions, an initial 5-item short version was developed by selecting one item from each of the five domains identified in previous factor analyses: 1)
Work scheduling, 2) Output demands, 3) Physical demands, 4) Mental and social demands, and 5) Flexibility demands. A 10-item short version was developed by selecting additional items from the five domains to determine whether a psychometric performance contrast exists. One should expect a 10-item version to perform better but the question is how much better.
Mapping to the total score of the full-length 27-item WRFQ v2.0
To calculate sum scores for the two short versions, the same rules are applied as for the fulllength 27-items version [4] . A score was calculated if at least 80% of the items were answered.
Different scoring methods were explored and compared regarding the abilities of the two short versions to reproduce the total score of the 27-item WRFQ v2.0: 1) simple summative scoring and 2) IRT-based sum score cross-calibration [32] . The latter technique has the advantage of the straightforward linking process built into IRT methodology as well as the utility and practicality of comparing different versions on the summed-score. Similarly to the 27 item version, the short
version scores were transformed to scores from 0 (worst work role functioning) to 100 (best work role functioning). Evaluation of agreement between the two shorter versions and the 27item version was based on the mean signed difference, mean absolute difference and mean squared difference. These statistics were calculated in the total sample and in subgroups by data set and levels of self-rated health. Further, we evaluated Bland-Altman plots and interclass correlations (ideally >0.7 for scales to be used on group level and >0.9 for scales to be used on individual level [33] ). In these analyses, the common mental disorder population sample was excluded, because flexibility demands items were not administered in this sample.
Scale level measurement properties
Construct validity was assessed through evaluation of pre-specified hypotheses with respect to: 
Results
Item level analyses
All items and subscales showed ceiling problems and were skewed to the right, especially for the physical demands subscale. For 19 items, more than 50% of respondents selected the best possible score. Missing items were most frequent in the physical demands and flexibility demands subscales. No DIF was found for gender or age, but several items showed significant DIF across populations. Items 5 (work fast enough), 11 (lift, carry or move objects >5 kilo), 14
(bend, twist or reach), 15 (use hand-held tools), 22 (control your temper) and 25 (process incoming information) showed an R 2 difference exceeding 2%. DIF across populations was particularly found for items in the physical demands subscale.
In IRT analyses, the rank order assumption was fairly well fulfilled, except for the worst response category "all of the time" which did not discriminate well. For most of the subsequent analyses, this lack of discrimination did not pose major problems, but the items regarding work scheduling demands showed very poor model fit. The fit was improved somewhat by collapsing the two worst response categories "all of the time" and "most of the time" for items in this subscale (data available from first author upon request). Table 2 shows the IRT item parameter estimates and item fit statistics from the graded response model. For the items on work scheduling, the two worst categories were collapsed, thus the threshold for the best item category is Difficulty 3. Most discrimination parameters were high and some were very high, up to 6.51. For most items, Difficulty 4 was around or below 0, reflecting that at least half the respondents tended to choose the best response category on most items. Many items showed poor fit to the IRT model. This was particularly the case for items in the work output demands subscale. Items in the physical demands and flexibility demands subscales generally had acceptable fit, while results were mixed for the work scheduling and mental and social demands subscales.
M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT Table 3 shows the summary of the information available for item selection and the choices for the 5-item and 10-item short versions. For the 5-item short version, the item with the best overall ranking of item properties was selected within each of the 5 conceptual domains (items 2, 7, 13, 18, 26). The overall principle for the 10-item short version was to select the next best item within each domain. However, practical and conceptual considerations caused some deviations from this principle. Due to the poor fit to the IRT model of the remaining work scheduling items and their relatively low discrimination, no additional work scheduling item was included in the 10-item version. Instead, we included the two next best items concerning physical demands (items 12 and 14) based on conceptual considerations and the fact that this domain often has the most missing items (see Table 3 ). In the mental and social demands domain, the best additional items (items 16 and 19) were deemed conceptually too close to the first item chosen. Instead item 17 was chosen. 
Selection of items for short versions
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Mapping to the score of the 27-item WRFQ v2.0
When comparing the simple summative scores of the short versions to the 27-item total score, mean score differences were close to zero in all data sets tested, both for the total sample as well as the subgroups by data set and levels of self-rated health ( Table 4 ). Bland-Altman plots showed that the simple scoring of the short versions provided lower scores than the 27-item total score for low overall scores (Figure 1) . In general, however, the agreement between the 5item and the 10-item short versions and the 27-item score was acceptable (Figure 1 ). IRT-based sum-score cross-calibration did not lead to noticeable improvement in agreement for the 5-item short version, but to slight improvement in agreement for the 10-item short version, in particular for low overall scores. All interclass correlations were >0.93. Table 5 shows the results of comparisons between several known groups and their WRFQ simple summative scores for both the full-length version and the two short versions. The 10-item short version provided most statistical power in 6 out of 8 comparisons that were statistically significant (based on F-value). In these comparisons, the 5-item short version provided similar or better statistical power than the full 27-item version. However, in the cancer patients, the only population with a specific diagnosis, the 5-item short version did not show a significant difference between respondents with poor and good self-rated health, while the 10-item short version and the full-length 27-item version did. In the shiftwork population, the full-length questionnaire did not show a statistically significant difference in work role functioning between job types, while both short versions did. In comparison across all categories, for all questionnaire versions lower WRFQ values are observed for workers with more chronic conditions compared to workers with less chronic conditions. 
Scale level measurement properties
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Discussion
Our study aim was to develop and validate a short version of the Work Role Functioning Questionnaire v2.0 reflecting the psychometric properties of the full-length 27-item version and with the same ability to discriminate between known groups. Using both classical test theory and IRT methods, two short versions with 5 and 10 items were developed. Although items were selected to reflect all five domains of the full-length WRFQ v2.0, we have not pursued subscale scoring due to the brevity of the short versions. The 10-item short version showed better concordance with the full-length WRFQ and better comparability in known groups comparisons (validity) compared to the 5-item short version, but at the cost of 5 additional items.
The various methods were able to identify potential items for removal due to their measurement properties. Several items were identified by multiple methods, indicating the robustness of the findings. However, the final decision for item selection was based on both psychometric results and conceptual considerations. These considerations were mainly based on a good representation of the subscale construct and item translatability. For example, item 7
(work without mistakes) was chosen over other items to be included in the two short versions because this item was considered to better reflect the output demands compared to the other items in the subscale, even though this item scored poor on IRT fit.
The two short versions showed acceptable agreement with the total score of the fulllength 27-item version. It should be noted, however, that previous research recommends the use of the subscale scores rather than the total score due to the different second order loadings in the various samples [20] . The short versions are scored with a single summative score, not with subscales. However, this does not imply that the reflective nature of the construct is no longer assumed. The short versions might be good screening instruments, but to get a full understanding and ability to compare between different groups and samples we recommend using the full-length questionnaire with subscale scores. For use as a screener, more research is needed to develop cut-off scores for both the full-length and the short versions, not only based on statistical considerations, but also incorporating clinical and workplace meaningful differences between groups and over time. Our IRT analyses showed that the two worst between the included shift schedules or the healthy worker effect [21] .
In sum, two short versions with 5 and 10 items were identified that are able to reproduce the measurement properties of the full-length 27-item version. The 10-item version performs slightly better in the IRT-sum score calibration approach compared to the simple scoring approach (at least concerning agreement with the total score). However, based on the comparison of simple scoring and IRT-cross-calibration for both short versions, the simple summative score is recommended, especially given the increased complexity in scoring using the IRT-sum score. Both the 5-item and the 10-item version can be used to measure work role -This paper presents the development of two short versions of the WRFQ v2.0, a 5-and a 10item version.
